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(54) Novel phosphino derivatives 

(57) The reaction of compounds of the formula: 

X 2 0 3 P CHY CZ 2 

where Y and each Z are each H, P0 3 X 2 , S0 3 X or C0 2 X 
(e.g. vinyl phosphonic acid or vinylidene diphosphonic 
acid) with hypophosphorous acid in the presence 
of free radicals provides novel compounds 
X 2 0 3 PCHYCZ 2 P0 2 XH which react with monomers 
such as vinyl sulphonate, vinyl phosphonate, vinylidene 
diphosphonate and acrylic acid to form telomere useful 
for scale inhibition, especially barium scale in oil wells. 
The polymers show better absorption to rock than 
PVSA and better thermal stability than random copoly- 
mers containing equivalent phosphorus. 
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Description 

The present invention relates to novel derivatives of hypophosphorous acid which are of value as, or in the prepa- 
ration of, polymeric compounds with powerful scale and corrosion inhibiting properties and which are of particular value 
in the treatment of water used in oil field operations, or in anticorrosive pigments. 

Scale and corrosion inhibitors are used to treat a variety of aqueous systems such as boiler water, industrial proc- 
ess water, cooling water and water in central heating and air conditioning systems, to prevent deposition of calcium car- 
bonate, or other alkaline earth metal, scale from hard water systems, or corrosion of metal surfaces by soft water 
systems. Typically scale and corrosion inhibitors are effective at low concentrations in the range 1ppm to SOOppm. 

Examples of scaling and corrosion inhibitors include phosphonosuccinic acid, phosphonated polymaleates 
described in EP 0.491.391, 2-phosphono-1 , 2. 4 -tricarboxy butane and its sarts, 2-hydroxy-2-phosphonoacetic acid 
and its salts, acetodiphosphonic acid and its salts and amino tris (methylene phosphonic acid and its salts. GB 
1 .458.235 describes the preparation of water treatment agents from the reaction of acrylic acid with hypophosphorous 
acid. 

A particular problem is sometimes encountered in oil fields when sea water is injected into oil bearing strata in order 
to force the oil to the surface when the gas pressure in the formation is insufficient, e.g. during the latter stages of recov- 
ery. If the formation water contains dissolved barium the interaction with sulphate in the sea water can give rise to 
severe problems when barium sulphate precipitates as a scale. The problem may be so severe as to block the well and 
necessitate redrilling. The more commonly used scale inhibitors are often not sufficiently effective to prevent sulphate 
scaling in such systems especially barium sulphate scaling. 

One product which has been found relatively effective is polyvinylsulphonic acid (PVSA). PVSA and its water solu- 
ble satts have been injected into the rock formations to inhibit scaling, but are relatively quickly flushed out again. This 
necessitates continuous renewal of the scale inhibitor, and the use of relatively large amounts of polymer. 

EP 0643081 describes an improved scale inhibitor which comprises a copolymer of vinyl sulphonic and vinyl phos- 
phonic acids. The copolymer is weakly adsorbed onto the surface of the minerals in the formation and then gradually 
released at a rate sufficient to maintain effective scale inhibiting concentrations of copolymer. 

In this way the well may be kept scale-free over an extended period after a single injection of copolymer. One dis- 
advantage of the copolymer, however, is its tendency to decompose at the high temperatures which are often encoun- 
tered in oil wells. 

We have now discovered that telomers comprising phosphonate and/or phosphinate groups as part of an end cap- 
ping group are more thermally stable than copolymers containing equivalent amounts of phosphorus present entirely in 
comonomers, and are especially effective scale inhibitors with good absorption properties. 

In particular we have discovered that vinyl phosphonic acids produce adducts with hypophosphorous acid which 
can be used as intermediates in the preparation of a range of telomers which are of value as scale and corrosion inhib- 
itors. 

The invention provides novel compounds having the formula : 

X 2 0 3 RCHY CZ 2 P0 2 X R 0) 

where X is H or an alkali metal, alkaline earth or other polyvalent metal, ammonium or an organic base, and R is hydro- 
gen, an alkyl moiety or a group, or polymeric chain comprising between 1 and 100.000 groups, said group or groups 
being derived from at least one unsaturated compound in which the multiple bond is activated chemically by an adjacent 
electron withdrawing group, and Y and 2 are each hydrogen, a P0 3 X 2 . S0 3 X or C0 2 X group or an alkyl or aryl moiety. 

in particular certain of the novel telomers are of value in preventing barium scale deposition during oil recovery. For 
instance in the presence of calcium the novel vinyl sulphonate telomers show improved adsorption onto mineral sur- 
faces compared with PVSA and superior thermal stability compared with VPA/VSA copolymer, as well as excellent bar- 
ium scale inhibition. 

The compounds of our invention may exist either as free acids or as their salts. They are normally prepared and 
used in the form of water soluble salts (e.g. alkali metal salts, especially sodium or potassium salts, or ammonium salts). 
References herein to the products or their precursors as acids should be construed as including references to the sol- 
uble salts where the context permits. 

Water insoluble salts of our novel polymers with multivalent metals such as calcium, barium, magnesium, alumin- 
ium or iron are useful as pigments for anti-corrosive coatings. 

The compounds of the aforesaid formula I wherein R=H are primarily of value as intermediates for the preparation 
of polymeric products of the invention. 

The preferred intermediates are those of the aforesaid formula I wherein R=H, Y=H, Z=H and X=H. alkali metal or 
ammonia (1 -phosphono-2-phosphinoethane and its salts, herein referred to as PPE) and R=H, Y=X 2 0 3 P, Z=H and 
X=H. alkali metal or ammonium (1 ,1 -diphosphono-2-phosphinoethane and its salts, herein referred to as DPPE). Other 
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R ^ Z = * »*^ = «• -S0 3 X and R=H, V = H 

The intermediates. R=H maybe prepared by reacting a vinyl phosphonic add or salt thereof 

x 2 o 3 p 

CZ 2 (II) 




Wlth S?l° SP !l 0r0 l US add ° r 8 Saft thereof in aqueous in *e Presence of a free radical source 

hydrZ^r^^^ 

ceed^^lXifed 0 ' ^ * *" ^ 9e " erated determi - *» to which the reaction may pro- 
within'^ 

of free radical 'equirS is^S^ 

source is. however, preferably avoided on econor^ n lm^?L !f • catalysed reactions. Excess free radical 
the more water present, the mo^frS^ * 

atures may permit the reaction to proceed with .e2 aSon S frel 32? £ S2. "£,7" temper " 
reaction mixture, e.g. at least 50% and ureteral m « ra ^^^L ■ . therefore prefer to use a concentrated 
tiator required is typically fr^ Under these conditions the amount of ini- 

reagent. However, if the reaction is oel™2l in ?'J£ l?f P r *erably from 2 to 6 mole% based on the unsaturated 
of initiators such as sodium^^E™™* JST** * l ™" tem P erat ures. higher amount s 
of the unsaturated reage^ e^to P*S"'Phate may be required, typically from 10 to 30% by weight 

•on^SSE ^Z^J^££^£ tt to "* ^ teSed °" *» «- -W- of the sen- 
sible but resutt in slme ^Tf^S^^^ <* reagent are pos- 
compound in which nypophosphorous aad. H,gher proportions are also possible, but result in some 

35 R= X 2 0 3 P 

CH— CH 2 - (ni) 
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which is not useful as an intermediate but has other utility. e.g. as a scaling inhibitor. 
inJTaTr^ 

normally requires temperatures of between to and 1 10°2 SZL f h ™°9 ene °"s. mobile solution. The reaction 
possible to use loweTemperatures^^ * ! n £? Mar for ,he ***** is used » may be 

between 3 and 1 1 more dually 4* w JSS2??i7« « ff w !• T*^ ° r add pK ^ pH is 

The telomere of our invention are 2S dIL£ ?JJ? 9 - However - h '9"er or lower P Hs can be envisaged. 
DPPE with a molar excess ^^131^ I J f ,ntermedia t es <* «" invention such as PPE or 
preferably ethy.enica.ly ^^^^^ZT^^T^ 6 L" aqUeOUS SO,ufon - 7,16 ™™™rs are 
cent group such as a sulphonate pnoSS or ™r£!L^? ^ ' S ^^^'y activa ted by at least one adja- 
acetylenic compound. Exampfes £5 ttZSSXZ T" 0 ™ ™* be an activated 

acrylic acid, methacrylic «ST3te aad ^2^JS?IS^^S?■ J* 0 ^* 0 "* acid - ™Vi°ene diphosphonic acid, 
crotonic acid isocrotonic aci^ge c S JSSTSJSSTS S* 5 m6SaC ° niC "* CitraCOniC add ' 
phonic acid. S-acrylamido^methl 6 mtXSSiM^i 7* ♦ ^ aCetate ' Styrene " ^ene-p-sul- 

ucts in which the polymeric mofetieJ £?h£2^^,- ? theater soluble salts. We particularly prefer prod- 
sulphonic acid arSof maleic ShS^ ^ 8nd COpo,vmere - 

such copoiymers contain a major propo^ <^^^^T «*• drably 

The relative molar proportions of the intermediate and the monomer may range from , : , to 1:1000 preferably 1 :5 
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tn i -500 especially 1 10 to 1 100, e.g. 1 :15 to 1 :50. The reaction conditions may be substantially simitar to those used 

S£2 g££ S isTom^to 500. e.g 9 to 10 to 100. To prepare the telomers we prefer P H between 2 and 

9 *"SIf?^^uLM^^nc. of water miscible solvents. The solvent should contain sufficient water to dissolve 
«_ TJ^Z VXSSSZZ The organic solvent may for example comprise methanol, ethand. .so-propanol. 

rated reagent. In cases of difficulty it may be possible to carry out the reaction .n anhydrous dioxan. 
The reaction may optionally be earned out in a stream of an inert gas such as nitrogen. 

Tne eSSn Z becTrried out batchwise. semi-continuously or continuously. e.g. in a pipe reactor The free rad- 
ical 2ur« m^aTbe ad^TnitiaHy or. preferably, in a plurality of additions, or continuously or sem^,nuouJy 
n^u^ut ^eaction. To maximise the yield of phosphonated product it is sometime^n^e^ to^ msatu^ 
reaaent continuously or intermittently during the reaction period to an aqueous solution of the phosphinate. 
T^SSuSa^eSe Z Tme presence of chlorine, chlorine dioxide, bromine, hypochlorite, hypobromrte and 
;*J2££t*d*T C ma SKS be used to treat chlorinated water systems or systems sterilised by other 

^SE^Si^'^^^ «*" fr6atment ' treatment 01 indUStriaI PrOC6SS ^^watS" 
mfri Sir Ipfant and for treating water used or produced in oil wells including injection water, produced water. 

■^ST^KS *SES2£ or auxiliary buyers. e.g. in function with zeoHtes. or as metal 
chelSS ageri e.g. r? metal extracts. They may be used in aqueous based functional fluids such as hydraulic flu- 

esD^Ke^Vinr^nting barium sulphate scale. For example in oil wells the ho e is typically fhished out w* 
L^ smSart to provide a water wettable surface and then impregnated with a solution of the .nh.brtor. The cal- 
SSSSrS srtu either by calcium in the formation, where the latter comprises '^"e^r by pnor, or 
cium san may oe *» aaueous calcium salt. e.g. where the formation compnses sandstone. 

""^Se c^atioi ^.y ran^ from 0.1 to 200ppm. preferably 0.5 to lOOppm depending on the 
^^ea^eouHysSn For relatively soft water 1 to SOppm. e.g. 1 .5 to 20ppm. most preferably 2 to 10ppm. may 
Te u^co^XSn- However tor oil field scale prevention where barium sulphate is a problem concentre- 
«onsintheranae5to50. especially 8 to 25. e.g. 10 to 20ppm. are preferred. 

P^Sordhg to the invention may be used in combination with one another, and/or ,n, n*>^ 
otherwaterfreatment agents including: surfactants, such as anionic surfactants (e.g. C 10 . 20 alkyl benzene su Penates, 
r TSn donates C^n alkyl sulphates. C 10 . 20 alkyl 1 to 25mole ether sulphates. C n0 - 2 o parafinsulphonates. 
C 10 . 20 ^■g*^3* ^ ^ h Se S . su.phosSSinates. sulphosuccinamates. lignin sulphonates fatty ester sul- 
Jr^LphS sulphates. C 10 - 2 o alkyl ethanolamide sulphates, do-a, alpha sulphofatty acrisate. 

^ ?^S£TsS^teTc 1( , 2 aSfaurdes. C 10 . 20 alky. hydrogen phjo^hates). "on^^n* 
i2n eftoxvlated and/or propoxylated C 10 - 20 alcohols, ethoxylated and/or propoxylated C 10 - 2 o ca ^^°^ 
iLoSTL^T^ Zfor C^acy. sorbitan and/or glyceryl ethoxylates) ^amphotencj surfactante (e.g. 
SnenutohoStaTnes. and/or quaternfsed imidazolines), and/or cationic surfactants (e.g. benzalkon.um salts. C,o. 
2 ^W* mSh^Smonium salts, and/or C 10 . 20 alky, trimethy. or tris(hydroxymethyl) ^° n ^J^umX- 
t^rttechelating agents, corrosion inhibitors and/or other threshold agents (e.g. sod.um ^polyphosphate. sod.umj eth 
X*fari£ teSceta te, sodium nitrilo triacetate, tetra potassium pyrophosphate. « c f^^ ho ^^nSt c a 
^™iumfrismethylene phosphonic acid and its salts, ethylenediamine tetraWs (methylene phosphon.c) acri 
and^ its' saT dX^netiTamin^ 'pertakis (methylene phosphonic) acid and its salts): tolyltriazole and mixtures j of 
nSrate berate HHP and/or PTCB) biocides (e.g. tetrakis (hydroxymethyl) phosphonium salts ^dehyd e gkrta - 
Z^kT^rina biocides and/or bleaches (e.g. chlorine, chlorine dioxide, hydrogen perox.de. sod.um perborate)^ 
Sarn^LC aS^ i3£JS arums'; oxygen scavengers such as hydrazines .and/or ^r^nes^pH 
SoXand/or buffering agents such as amines, borates, citrates and/or acetates; chrom,um salts: zinc sate and/or 
ott^CerTre^^ agents such as polymeric dispersants and coagulants including polymale.c. polyacryl.c and pol- 
SsTho^Tcids aStheir sa«s. Marches and/or carboxy methyl ce.lu.ose. and/or ""-^J^'J^S 
vTdes to mulations comprising an effective amount of a product of the invention as aforesaid and any of the aforesaid 



4 



EP 0 861 846 A2 

invention and from 5 to 90% by weight of one or more of any of the aforesaid water treatment agents 

tion ^T™X?™TJ!?* in T °" r inVenti0n provides a corrosion inntoitin 9 Pigment which is a solid composi- 
te which may be prepared by reacting a concentrated aqueous solution of any of the water soluble phosph^oTom- 

S p7a™s^ 

JSS^^S^ our invention provides a ^ inhtortin9 «*» com ^ «-*■ a 

™e cordon inhibiting p^ ename , lacQuer 

«, ££2- T!," 9 T °"- 71,6 ,0rmulation a volatile liquid vehicle, suoh as vvateT or ■ fSSSS 

su^'^Zr 016 ""; f rit ' h : rpentine - ket0neS " estere and/or hydrocarbon sofvert and^S oil 

o 0 lvu^nT U ! a !T^ i< ? ,y mai : 3150 COmpriSe a resia e "9 8 Po'ywtor. ur ea formaldehyde, melamine, acrylic alkyd 
polyurethane. vinyl chlor.de. vinyl acetate, phenolic or epoxy resin dissolved or dispersed therein and/or « ,££22 

potassium ancchromate. metallic zinc or aluminium powder or zinc oxide and/or that the formulation should coS 
~or.nor.af the other corrosfoninhfo^ referred to above in addition to ^ 

suJ^ £22 ° Siti ° nS maV additional, y contain a "y of *™ conventional paint ingredients, including pigments 
SLS-^T 6> ™ «*. b,a * PMhalocyanine pigments or aluminium stearate mSSSSSS 
EEZZlZ r "2S "f^ 9 a96ntSl dispersante ' emuI ^ers. biocides. flocculants. marine aSfou,fn4 an?- 
foams v.scosrf ere f ,re retardarrts. f luorescers. aerosol prapellants. talc, clay and/or plasticisers 

Alternatively the water soluble corrosion inhibitors of the invention may be used to Drovide a enrrr«ir,n inhiKi«i„„ 
treatment for metal surfaces such as steel, aluminium and aluminium alKe^yl^^^^ 

o^n2 6 tl r0 S at ; n9, S° ,iShin9 W etCWn9 - TyPiCa " y ™ k fe ««« aqueouTSZ ?<5K£EX 
m^esp^^^^^ 

. ** er ^."^"S with the corrosion inhibiting solution the work may be rinsed and/or subjected to one or more coat- 

^^23^S2S2^ resi " coatin 2' ,aa,uerins - ename,lin * »»*** -^SCSSSK S!££ 

vapour deposrtjon. electrodeposition. etching, chemical or electrical polishing or may be put aside for storaaeT 

de*i™r^ 

also "£ St e Jr i S° rat f int ° deter96nt com P° sitions « Actions as a stain remover and 

tS^ H fit a £2t £ y S PreSent and exhibite valuab,e deter 9ent building action by sequestering calcium 
S?iI«^J2S ffS r9 C ° mpOS,t,ons in amounts * from 05 to 2 0% ^ weight of the opposition. 
The liquid detergent of our invention preferably contains 5 to 50%. e.g. 10 to 40% by weiaht surfactant s tn Rn«^ 

£ °h T "2? 20 10 ?5%> e9 - 40 to 70% b * wei 9 W ^ — ill 2 5% SSJrtS deTemem 
22* £? "i^" 18 conventional amounte <* ™or adjuncts including enzymes. soihS^ere '£5 TaslSum 
camc^etoy. cellulose optica. brighteners. dyes, perfumes, preservative^ andfoam modiS 

ethyllnfd^ non^hosphate bui.de. such as zeolite, catenate, citrate, nfrilotriacetate and 

tn 7 £rHT^? ST 1 " 31 '' 0 " 8 * me invemion may ^^i" fr °m 1% to 90% by weight of surfactant more usually 2% 
to 70%. e.g. 3% to 60% espeaaliy 4% to 50%. preferably 5% to 40%. more preferably 6% to 30%. moTp^Sy £ 

e , e5 TT ,e 1 th u surfactant ma y be - » comprise, one or more anionic surfactants such as an aikvl benzene 

S i S ir lklri SU ' Phate ' Paraffin su| P honate - sulphonate. alky. J^S^St 
na te H Sp a SS X ^n^li^ 8 "^ 1 ^? ' ^ -P^cinamate^ky. i^lwSnJrSS??S^ 

"Eth~ ZlT^ t0 9r ° UPS in tWs COrtext refer 10 C * to 22 straight or branched chain alkyl or alkenyl groups 
T" ° r ^ ethy,eneox » ™ n ° ° r P^y Propyleneoxy. or mixed ethyleneoxJXyiS^ 
SSuS sSSS ° r f^y^y'^eoxy/propyleneoxy. The cation^f the afo'esa^ anionic 
h« «2IT 1^ • ^ ^ may alS0 be ^assium or mono-, di-or tri-alkylolamine. Less commonly the cation may 
ss amine ' * ma9n6Slum - zinC or a mon °^ °^ to-alky. amine such as isopropylar^nVor^metM- 
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The surfactant may also be, or may comprise, one or more non-ionic surfactants such as the oolvalkoxvlated deriv 
atives of alcohors carboxyHc acids, alkyl phenols, alkylamines, alkanolamides, or g^ryl^ 
each compound has an "alKyT group as hereinbefore defined, and the polyalkylene^xy 
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ethyleneoxy and/or propyleneoxy groups. 

Alternatively the non-ionic surfactant may be an alkanolamide, e.g. a mono- or di-alkanolam.de. a lactob.onam.de. 
an alkylpolyglycoside or an amine oxide, or an alkyi or thiol capped polyvinyl alcohol or polyvinylpyrrolidone, or a sugar 

^The builder may consist of a phosphino product according to this invention. Alternatively, the builder may comprise 
such a product together with one or more other builders such as zeolite, sodium triphosphate, potassium Py^hos- 
ohate sodium or potassium carbonate, sodium citrate, sodium nrtrilotriacetate. sodium silicate and orsodium ethylene 
SPamTne Sacetate. Thus the product of the invention may constitute from 1 % to 1 00% of the total builder e g. 5 to 90% 
eSSal ylO to 80%. The balance may comprise an inert solid such as sodium sulphate, or a liqind medium such as 
water or a low molecular weight polyethylene glycol. The detergent may additionally comprise up to 5% by we-ght. e g^ 
0?rto 2% D^ weight, of optical brigrrtene^ 
as sodium carboxymethyl cellulose; and up to 6%. more usually up to 2%. by weight, each, of perfume, dye. enzyme. 

bleach, buffers and other conventional ingredients of solid or liquid detergent composition 

The invention will be illustrated by the following examples. All preparations were earned out under an atmosphere 
is of nitrogen. 

EXAMPLE 1 
Preparation Of PPE 

Sodium hydroxide (740.8g of a 50% solution. 9.26M) was added dropwise to a solution of vinyl phosphonic acid 
(SOOg 4 63M) in water (700ml). To this was added sodium hypophosphite monohydrate (490g. 4.63M). Approximately 
Mrf this solution was heated to reflux and sodium persulphate (5g in water. 5ml) added over 10 m.nutes_ Anexo- 
therm was observed. Another 1/3rd of the initial mixture was added to the reaction product of the .ratal thud and the 
persulphate addition repeated. The final 1/3rd was then also combined with another 5g of persulphate added at reflux. 
Se^aaSon " was cooled. 31 P nmr indicated 76.2% of the hypophosphite had reacted. This reacton mixture was 
used directly for further reaction with sodium vinyl sulphonate. 
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EXAMPLE 2 
PXBBanflgp Of dppe 

480g tetra-sodium vinylidene diphosphonate (37.4% aqueous solution, 0.47 moles) and 358g hypophosphorus 
acid (16% aqueous solution. 0.47 moles) were charged to a reaction vessel and heated to 100-C. 

22 3g sodium persulphate (10% aqueous solution 0.0094 moles) were added via a penstalbc pump .addition funnel 
over 1 hour. The reaction mixture was left to reflux for further 2 hours and allowed to cool. The product contained no 
unreacted vinyl diphosphonate by 31 P nmr. 

EXAMPLE 3 

Preparation Of PPE Cappe d PVSA Telomer (n=10) 

Sodium vinyl sulphonate (200g of a 25% aqueous solution) was added to the vinyl Phosphonic ^ acWuct of 
Example 1 (20g of a 46.5% aqueous solution) and the mixture heated to reflux. Water (70g) was distilled off and sodium 
personate (1 g in 2ml water) added to the reaction dropwise over a period of 1 5 minutes. At «• PoM «r . exotherm was 
observed. The reaction mixture was then cooled to room temperature and a sample removed for P nmr which indi- 
cated 95% of the vinyl phosphonic acid adduct had reacted to form a telomeric species. 

EXAMPLE 4 

Preparation Of DPPE C apped PVSA Telomer (n=10) 

5 Og tetrasodium vinylidene disphosphonate/hypophosphorous acid adduct of Example 2 (55% solution in water) 
and 39 3a sodium vinyl sulphonate (10 mole equivalents. 25% aqueous solution) were charged to a reacton vessel and 
Smf water £££ by distillation \o give a paste with 65% solids. The mixture was heated at 120'C tog.ve mob,le 
solution and 0.02g sodium persulphate in 0.2ml water was added and heated for 3 hours. 31 P nmr showed 80% con- 
version of phosphorus to product 
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EXAMPLE 5 



Preparation Of DPPE Capped Polvaor yiate Telnmt»r f n-ti) 

A solution of DPPE (85.5g of a 38% aqueous solution) was heated to 90°C. Acrylic acid (65o) and sodium oersui 
T*^?™J™°:: Were Separate, y but simultaneously added droUe o^h^urs to ^e DPPE 

£^2^£2? ITS? EL** 8 fUrth6r 4 h ° ure 31 90 ° C before bei "9 to room te^X when a 
sample was removed for 31 P nmr wh.ch indicated that 96% of the adduct had reacted to form pdymeri TsDedeT lie 
polymer was also characterised using aqueous GPC. which gave a Mw value of 2800gmor ' P 



EXAMPLE 6 



so 
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Preparation Of DPPE Capped Acrylic Acid-Sortliim Vinvl s„inh» n ate Cpt e irm,«r ( n^n-cm 

^^^^^^f^ 6 ^ by distilling off 97g of water. To mis 

nha£ J I ♦ ! ? ^ a 38% aqueous solution), the mixture was heated to 100°C and sodium persul- 
phate (2.4g ,n 20g of water) and acrylic acid (36g) were separately but simultaneously added dropwtee m2 ho^s 
22 ? ^ ^^r 8 0bS6rVed - The reacfo " ««s than left for a further 3 hours a? £S>C. bXJ ^ being c^olS to 

=,TSonlTr^ 

EXAMPLE 7 

Preparation Of DPPE Capped Acrylic Acid-Sodium Vinvl StUphnn**. r o omer (ngfcfi) 

Sodium vinylsulphonate (416g of a 25% aqueous solution) was added to DPPE (223 Sg of a 23% aaueous solu 
tan) and the combmed solution was concentrated by distilling off 270g of water. The mix* etas h*M ffSScS 

and aCryliC acid *» * «™ sep^e'y^lilZl^ 
?00? bTe be^™^?„ f ^i* 88 ° bServed " reacfon «« then left for a further 3 hours at 

zsxsstszz KKssZr rwea,ed 98% of 1,16 -** had reacted to form po, - eric 

EXAMPLE 8 



35 Scate inhiMtion Under Simulated Oilfield Condit ions whh R»H t , n <p t1ftrhntf 
Test Method 

Synthetic sea water was prepared from : 



40 





Na 2 S0 4 


3.59g/L 


45 


NaCI 


50g/L 




CH 3 C0 2 NH 4 


1g/L 



Synthetic formation water was prepared from • 

50 





BaCI 2 .2H 2 0 


2.245g/L 


55 


NaCI 


50g/L 




CH 3 C0 2 NH 4 i 


1g/L 



7 



EP 0 861 846 A2 



10 



The solutions were mixed and passed through a capillary tube. 

Inhibitor was dosed into the sulphate solution at a concentration double the desired level so that when the tanum 
and sulphate waters were mixed (50:50 ratio) just prior to entering the capillary tube the des.red .nhibrtor level was 

3Chi ?he floTwasmaintained until a rise of pressure indicated tube blocking. Progressively higher 

inhibitor were added until the test ran without blocking for 1 hour, at which point the test was d.scontinued and the mh.b- 

it0r ™fp^^^^ 
fai '1o a rco°r^ 

Most failed at all concentrations up to the limit of the compatibility with the system. 



EXAMPLE 9 

, 5 CgmBgtJbjitty. With Glycol Freeze Inhibitor 

The composition of Example 3. diluted was mixed with an equal amount of ethylene glycol (50:50 ratio mix) in order 
to see if theyVere compatible. They were and subsequent -20-C stability testing conf .rmed that the solution d.d not 
freeze solid. 
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EXAMPLE 10 

S salg Inhibi tion Under Sulphate-Free Conditions 

Brines were prepared which duplicated the analysed composition of North Sea brine with the sulphate component 
removed and two formation waters from North Sea oil fields, as follows: 
Composition of sulphate free North Sea Brine : 



30 



35 





Composition g/L 


NaCI 


24.074 


CaCI 2 .6H 2 0 


2.34 


MgCI 2 .6H 2 0 


11.436 


KCI 


0.877 



Composition of Forties Formation Brine : 





Composition g/L 


NaCI 


74.166 


CaCI 2 .6H 2 0 


14.354 


MgCI 2 .6H 2 0 


4.213 


KCI 


0.709 


BaCI 2 .2H 2 0 


0.448 


SrCI 2 .6H 2 0 


1.747 
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Composition of ETAP (Heron) Formation Brine : 
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15 





Composition g/L 


NaCI 


190.65 


CaCI 2 .6H 2 0 


229.57 


MgCI 2 .6H 2 0 


16.14 


KCI 


21.73 


BaCI 2 .2H 2 0 


2.42 


SrCI 2 .6H 2 0 


3.47 



*> raised by Vc l£eS ™ T *"«"> » «™ «* "» <•»*«*•« 

EXAMPLE 11 
25 Calcium Carbonate Sgalfi Inhibition 

ca^^tr^ 

ramased in a waterbath (60«C) oonaanao Howol25mls*i«™ita)throu[|liacap«laryM>a »hich was 

in the tiire and AM. „ "nito^ e£c^3£££* P,eSSU "'' »" n — «~ ~ 
Calcium SfilUflflD; 

35 

neon, Z£Z, CSS^Sa?^ ** «"■— «-* "» P" - » • - 

40 Bicarbonate ft»| |ftifrr| . 

isedwSrCp^ SStS^SS ^ 1 - 14 ST W6re 5 *« with deion- 

of this btembcwj. J^lnT^ZuTjlnSTa^ SZ hydroCh '° n ' C acid To one lrtre 
« the calcium scluticn. The pH is then ci^^V^^^ «™"*"o" "eing mixed with 

ing^nS^ 

This performance compares favourably with currently used commercial calcium scale inhibitors. 
so EXAMPLE 12 
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Adsorption on n ?g i, 
sulphTnfc^^^ 

create solutions with a -ce^Son ^ ^ c sea to 

adjusted to 2. 4 and 6 pH using sodium hydroxide arrtW^aS **" W6re prepared and 

1 0 mis of each solution was then mixed with 5 grams of crushed Sattire rod. The rock and solution were heated in 
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an wen at 95 o c for 20 hours, after which the solutions were filtered through a 0.22 micron membrane filter. The super- . 
^0^3 then analysed for concentration of inhibitor and compared to the concentration of ■nh.brtor ,n the sam- 
pies prior to adsorption. The results are shown in the following Table 1 . 
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TABLE 1 






EXAMPLE 


pH 


%ADSORPT!ON 




7 


2 


0 


10 


7 


4 


0 




7 


6 


22 




3 


2 


2 




3 


4 


3.8 


15 


3 


6 


17.3 




4 


2 ! 


12.2 




4 


4 


12.2 


20 


4 


6 


14.3 




6 


2 


15.7 




6 


4 


9.8 j 




6 


6 


17.6 


25 


PVSA 


2 


0 




PVSA 


4 


0 




PVSA 


6 


0 


30 


BLANK 


unadjusted 


0 
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EXAMPLE 13 
Thermal Stability 

Solutions of various scale inhibitors were made up to the desired concentration (SOOppm inhtoitor sdidsJJ in syn- 
theticsea water. 30 mis of each solution was poured into the teflon liner (internal volume of SOmls) of a stamless steel 
bon£. ^ouid was then degassed under vacuum for approximately 1 hour followed by a nrtrogen W tolhour 
The teflon liners were then sealed and placed into the stainless steel bombs which were placed .n an oven at erther 1 50 
or 200°C for 2 weeks. Following this, the bombs were allowed to cool. 

Perce^ge degradation wis determined by analysing the in 
phospW CrLlts were shown in the following Table 2. Three examples of the inventon were compared wrth f ,ve 
random copolymers and two commercial scale inhibitors. 

TABLE 2 



INHIBITOR 



%Degradation at 150°C 



%Degradatlon at 200°C 
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Example 3 
Example 4 
Example 7 

VPA : VSA (1 .9) random copolymer 
VDPA : VSA (1.9) random copolymer 
VPA : VSA (1 :20) random copolymer 



6.8 
1.7 
10.2 
50.2 
38.5 
27.2 



17.3 

12 

12 

41.8 

68.6 

67 
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INHIBITOR 


% Degradation at150°C 


/oucy i audlion ai ZUu 


VDPA : VSA : AA (1:4.5:4.5) random copolymer 


19.7 


75 


VPA : VSA : AA (1:4.5:4.5) random copolymer 


55.8 


94 


Sodium diethylenetriamine pentakis (methylenephosphonate) 


75.3 


91.4 


"BELLASOL 540" (RTM) phosphino pofyacrylate telomer 


31.6 


44.6 
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EXAMPLE 14 

Bis (diphosphonoelhvh Phosphinate 

ST'flSi l' 68 ' 5' 8mM) W3S add6d in P ° rti0ns t0 8 mixture of diphosphonic acid tetra sodium 

saft hydrate (74Q 0.135M based on 15 moles of water of hydration), and sodium hypophosphite hydrate( 7.2g. 0.067M) 

vhpa J± IS? uVn aCti ° n mixtUre cooled 10 ambient temperature and then a further 16g of the hydrated 
VDPA tetrasodium salt followed by re-heating up to 1 00°C. A further charge of sodium persulphate was then added por- 
tonw.se. The reactonmix was analysed by 31P nmr which indicated 90mole% of the phosphorus was present as the 
bis (diphosphonoethyl) phosphinate, [(Na 2 0 3 P) 2 CH CH2] 2 P0 2 Na. 

EXAMPLE 15 



25 



Barium Scale Inhibition bv Example 14 

• A r b f riu , m u s f luti °" a "cl a sulphate solution (containing the inhibitor) were pumped (12.5 mis/minute for both the bar- 
wateSth(S?Q 9 8 C ° mbined ,l0W 01 25 mls/mi ""*e) through a capillary tube which was immersed in a 

30 Barium Solution 

uo ^'^T^^Z^T^^ 250 9ramS SOdium chloride and 5 9rams ammonium acetate were made 
chloric aciT de,on,sed water 1716 P H was adj"st«J to 6 at room temperature using sodium hydroxide and hydro- 



35 



40 



45 



Sulphate Solution 

.^J 7 '-! 5 ,?^!^? s "JPhate 250 grams sodium chloride and 5 grams ammonium acetate were made up to 5 
Irtres with de.on.sed water. The pH was adjusted to 6 at room temperature using sodium hydroxide and hydrochloric 

bS« sulpha ! e rf; solu S n a 8 "*" wlume <* in "ibrtor is added to gain the desired concentration after 

being mixed wrth the barium solution. The pH is then corrected back to 6 pH prior to testing 

The bis (d-ph^phonoethyl) phosphinate of Example 14 required between 10 and 20 ppm of total solids to prevent 
scale forming (100% mh.brt.on. Commercial products generally require higher concentrations to provide 100% inhibi- 
tion. 

Claims 



1 . A composition having the formula 



so 
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X 2 0 3 P.CHY C2 2 P0 2 X R (I) 

where X is H or an alkali metal, alkaline earth or other polyvalent metal, ammonium or an organic base and R is 
hydrogen, an alkyl moiety or a group, or polymeric chain comprising between 1 and 100,000 groups said groups 
being derived from at least one unsaturated compound in which the multiple bond is activated chemically by an 

In? %n Q fTrn^ raWln9 ^ I? Y and e3Ch 2 ' Which be the or different > *re •«* hydrogen, a 
P0 3 X 2 , S0 3 X or C0 2 X group or an alkyl or aryl moiety. 

2. A compound of the formula I wherein X is H or an alkali metal or ammonia, Y is H, each Z is H, and R is H. 
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3. A compound according to claim 1 wherein X is H or an alkali metal or ammonia, Y is X 2 0 3 P-. each Z is H and R is 
H. 

4. A compound according to claim 1 wherein X is H or an alkali metal or ammonia, Y is H or X 2 0 3 P-. each 2 is H and 
R is -CH 2 CY P0 3 X 2 . 

5 A telomer according to claim 1 wherein R is a polymeric or copolymeric group formed from at least one monomer 
selected from unsaturated sulphonic acids, phosphonic acids, carboxylic acids and their water soluble salts. 

6. A telomer according to claim 5 wherein said monomer comprises vinyl sulphonic acid and/or its water soluble salts. 

7. A telomer according to either of claims 5 and 6 wherein said monomer comprises vinyl phosphonic acid and/or its 
water soluble salts. 

8. A telomer according to any one of claims 5, 6 and 7 wherein said monomer comprises vinylidene diphosphonic acid 
and/or its water soluble salts. 

9. A telomer according to any one of claims 5 to 8 wherein said monomer comprises acrylic acid. 

10. A telomer according to any one of claims 5 to 9 wherein the monomer comprises at least one member selected 
' from methacrylic acid, maleic acid, fumaric acid, itaconic acid, mesaconic acid, citraconic acid, crotonic acid, iso- 

crotonic acid, angelic acid, tiglic acid, vinyl alcohol, vinyl chloride, vinyl acetate, styrene sulphonic acid, 2-acryla- 
mido-2 methylpropane sulphonic acid and their water soluble salts. 

11. A water insoluble polyvalent metal salt of an acid according to any foregoing claim. 

12. A salt according to claim 1 1 wherein said polyvalent metal is calcium, barium, strontium, zinc, magnesium, alumin- 
ium, nickel, copper, cobalt or iron. 

1 3 A method of manufacture of a compound according to either of claims 2 and 3 which comprises reacting vinyl phos- 
phonic acid, vinylidene diphosphonic acid or a salt thereof with hypophosphorous acid or a salt thereof in aqueous 
solution in the presence of a source of free radicals. 

14. A method of manufacture of a telomer according to any of claims 5 to 10 which comprises reacting a water soluble 
compound according to either of claims 2 and 3 with more than 1 molar proportion of an unsaturated monomer hav- 
ing an ethylenic or acetylenic bond activated by an adjacent sulphonate, phosphorate or carboxylate group, in 
aqueous solution in the presence of a free radical source. 

15. A method of inhibiting scale formation in an aqueous system which is prone to scale formation, which comprises 
adding to the system a scale inhibiting amount of a compound or telomer according to any of claims 4 to 10. 

1 6. A method of inhibiting scale formation according to claim 1 5 wherein said system comprises an oil well and means 
for injecting water into the oil bearing strata. 

17. A method according to claim 16 wherein said scale comprises barium sulphate and/or carbonate. 

18. A method of inhibiting corrosion of metal surfaces by aqueous systems having a tendency to cause such corrosion, 
which comprises adding a corrosion inhibiting amount of a compound or telomer according to any of claims 4 to 1 0 
to said aqueous systems. 

1 9. A method according to any of claims 15 to 18 wherein said compound or telomer is used in a concentration of from 
0.1 to200ppm. 

20. A method according to claim 19 wherein said concentration is from 1 .5 to 20ppm. 

21 . A corrosion inhibiting coating composition comprising as a pigment, a salt according to either of claims 1 1 and 1 2. 

22. A coating composition according to claim 21 comprising a volatile liquid vehicle and/or a drying oil. 
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23. A method of forming a corrosion inhibitory coating on metal surfaces which comprises contacting said surfaces with 
an aqueous solution of a water soluble salt according to any of claims 1 to 1 0. 

24. A method according to claim 23 wherein said water soluble salt is used in a concentration of from 10 to SOOppm. 

25 ' t^SSH f n mp0Si1 2 n , com P nsin 9 a surfactant, a builder and a stain removing amount of a water soluble salt 
according to any one of claims 1 to 10. 

26. A composition according to claim 25 wherein said water soluble salt is present in an amount of from 0.5 to 20% by 
weight of the composition. 7 

21 - ^ra^Tto^wiS.^ ° f C ' aimS 25 ^ 26 COntainin9 5 10 ** ° f — suriactent ' 5 to 

281 ^fZtT^ ~ mP °f? n ""P*^ from 5 to 95% by weight thereof of a compound or telomer according to 
any of cla.ms 1 to 10. and from 5 to 90% by weight of the composition of at least one other water treatment agent. 

29 ' t^T 0 ^ 0 " T^^J 0 , ° laim 28 Wherein ^ at least one other freatment agent is selected from sur- 
S2f sequestrants - delating agents, corrosion inhibitors, scale inhibitors, bioddes. bleaches, foam controlling 
agents, oxygen scavengers. pH controlling agents, buffers, dispersants and coagulants 
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